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[0003] Cancer is a major cause of death worldwide, being the second-leading cause of

death in developed countries and even the number one cause of death in e.g. Australia, Japan,
Korea, Singapore and the male population of the UK and Spain. The number of people who
develop cancer each year is increasing. No substantial improvement in cancer treatment has
been achieved over the last 50 years, partly because of the limitations in the existing drugs, as
well as absence of an efficient drug delivery system. Since development of new anticancer
drugs is very expensive and time-consuming, emergence of new methods/devices for
enhanced delivery of current drugs to the desired disease site is crucial. Simple and efficient
diagnostic tools are also in high demand for early detection and monitoring of treatment

progress.

[0004] Controlled release technologies have received more and more attention as they
provide many advantages, such as prolonged efficacy time, less side effects, and improved
bioavailability, in comparison with conventional dosage forms. In recent years, particulate
drug delivery systems have emerged as one of the most promising ai)proaches to achieve site-
specific or targeting drug delivery, and been a major focus in the pharmaceutical industry. The
achievement of controlled release of phérmaceutically active agents to the specific site of

action at the therapeutically optimal rate and dose regimen has been a major goal in designing
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pol y(DL-1acti de-co-glycolide) (PL&G), are commonly used. [ 0005]
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regard, in the body. This object is solved by providing a microparticle as defined in claim 1.

SUMMARY OF THE INVENTION

[0007] In a first aspect the present invention provides a microparticle. The microparticle
has a width of at least about 1 micron. The microparticle includes a biocompatible polymer
and a nanoparticle. Further, the microparticle includes an anti-cancer agent or a

pharmaceutically acceptable salt, ester, prodrug or hydrate thereof.

[0008] In a second aspect the present invention relates to the use of a microparticle

according to the first aspect in the manufacture of a medicament for treating cancer.

[0009] In a third aspect the present invention provides a process of forming a
microparticle. The microparticle has a width of at least about 1 micron. The microparticle

includes a nanoparticle. The process includes providing a polar solvent. The process also
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population. The cell population includes a plurality of healthy cells and one or more cancer

cells. The method also includes contacting the cell population with a microparticle. The
microparticle includes a biocompatible polymer and an anti-cancer agent or a
pharmaceutically acceptable salt, ester, prodrug or hydrate thereof. The microparticle has a

width of at least aboui 1 micron.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be better understood with reference to the detailed description
when considered in conjunction with non-limiting examples and the accompanying drawings,
in which: |

[0013] Figure 1 depicts the use of drug carrier particles with antibodies immobilized
thereon in the art. The antibody directs the particle from extracellular fluid (a) to target cells

(b).

[0014] Figure 2 depicts the current use of quantum dots that are internalized into a cell.
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depicting the steps of endocytosis of quantumdots (1) that allows crossing
t he pl asmsiorzeminsarss ( 2) . [ 0016] Figure 4A: Parti cl esPafi/SGRomwioa@4ar e
taken up by both healthy cells (3) and cancer cells (4). Figure 4B:

M croparticles according to the invent4on are nostly taken up by cancer
cells (4) conpared to healthy tells (3). [0017] Figure 5 depicts the

formati ongf I ot ' HRR i nto
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[ 0018] tﬁatgalﬂnws@ﬁossimg\ﬁheplaﬁﬁwmmdgmedﬂ)the PLGA nanoparticles on a gl ass

substrate. [0019] Figure 6B is a fluorescent photograph of the PLGA
nanopar t i §0036] MWMM@EMQﬂ QH sigeckae taldvn ardiyttwth bealthy cello(@cindrageste 6C

Is a con icti ) I|z | es
o RS0, Bl SRR E e S el o M Bl SRR phics
f ol | owagtliby)cothpaydsh dieaikingeedit (31)uc| eus vm th red propidiumiodide (only
green channel shown). [0021] Figure 611:1 is the image of Fig. 6C with

all chann¢0(a 7 Fiyure 5 depictsuthb dommativd sfamnigpepariiclbesf the invention. QDs can be
incorporated into PLGA nanoparticles (5) and PLGA microparticles (6) in a coating process.

[0018] Figure 6A shows a SEM image of the PLGA nanoparticles on a glass substrate.

[0019] Figure 6B is a fluorescent photograph of the PLGA nanoparticles in aqueous

solution under UV excitation.

[0020] Figure 6C is a confocal image depicting internalization of green PLGA
nanoparticles into the cytoplasm of CCD-112CoN cells after 2-h incubation at 37 °C followed

by counterstaining of nucleus with red propidium iodide (only green channel shown).

[0021] Figure 6D is the image of Fig. 6C with all channels shown, i.e. nucleus and

nanoparticles.

[0022] Figure 7A depicts the cellular uptake of green QD-loaded PLGA nanoparticles
into human non-small lung cancer cells, NCI-H1299, with counterstaining of nucleus with

red propidium iodide (only green channel shown).

[0023] Figure 7B is the image of Fig. 7A with all channels shown, i.e. nucleus and
nanoparticles.
[0024] Figure 8A depicts the cellular uptake of green QD-loaded PLGA nanoparticles

into human breast cancer cells, MCF-7, with counterstaining of nucleus with red propidium

iodide (only green channel shown).

[0025] Figure 8B is the image of Fig. 8A with all channels shown, i.e. nucleus and

nanoparticles.

[0026] Figure 9A shows the cellular uptake of red QD-loaded PLGA nanoparticles into
rat glioma cells, C6, with counterstaining of nucleus with blue DAPI (only red channel

shown).

[0027] Figure 9B is the image of Fig. 9A with all channels shown, i.e. nucleus and

nanoparticles.

[0028] Figure 10A shows the cellular uptake of green QD-loaded PLGA nanoparticles



[0022] Figure 7A depicts the cellular uptake of green QD | oaded PLGA

nanoparticles into human non-snmall |ung cancer cells, NC -H1299, with
count er stwornrigsef3snucl eus with red propi di um i odi de (omrcy/sgra@mochannel
shown) . [0023] Figure 7B is the image of Fig. 7Awith all channels
shown, i.e. nucleus and nanoparticles.s [ 0024] Figure 8A depicts the

cel lul ar uptake of green QD | oaded PLGA nanoparticles into hunman breast
cancer .cel h u ]

o de il ol ol CUAL RN, AR ol Bllfnflof dubiRlh RARA R,
8A wi t Noalst greétaciraahsl shbon)p, i.e. nucl eus and nanoparticl es. [0026]

Fi gure 9A shows the cellular uptake of red QD-| oaded PLGA nanoparticles
into rat mﬂzsl]rﬂhgaiel HB G6thevintalge o lig. €0zt wiithi aig clodnnelschews, we.t tucidus endAPI
(only red Cg‘?ﬁ shown) . [0027] Figure 9B is the, irrage of Fig. 9A with
al | chdRaPTUEHE i .e. nucleus and nanopartlcl es.
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nanoparticles into human normal colon cells CCD IIZCoN with counterstaining of nucleus

with blue DAPI (only cyan channel shown).
[0031] Figure 11B is the image of Fig. 11A with all channels shown, i.e. nucleus and

nanoparticles.
[0032] Figure 12 shows an SEM image of nearly uniform microparticles, which include
hydrophobic QDs, after size separation.

[0033] Figure 13A shows a confocal image of CCD-112CoN, non-cancer cells, after 2-h
incubation at 37 °C with green hydrophobic QDs, followed by counterstaining of the nucleus
with red PIL. Only the red channel is shown.

[0034] Figure 13B is the image of Fig. 13A with only the green channel shown.
[0035] Figure 13C is the image of Fig. 13A with all channels shown.

[0036] Figure 14A shows a confocal image of breast cancer cells, MCF-7, after 2-h
incubation at 37 °C with green hydrophobic QDs, followed by counterstaining of nucleus by
red PL. Only the red channel is shown.

[0037] Figure 14B is the image of Fig. 14A with only the green channel shown.
[0038] Figure 14C is the image of Fig. 14A with all channels shown.

[0039] Figare 15 shows intracellular distribution of microparticles by a series of confocal
images of MCF-7 cell sectioned at different XY planes with 1 . m interval steps along the Z
direction, after cells were incubated with green QD-incorporated PLGA microparticles, cell

nuclei are counterstained red with PI.

[0040] Figure 16A is a confocal image of CCD-112CoN cells after 4-h incubation with
DOX-nanoparticles at 37 °C. The inset represents fluorescence intensity profiles of DOX
(upper curve) and DAPI (lower curve) in the counter-stained CCD-112CoN cells with DAPI.

[0041] Figure 16B shows the cumulative release of DOX from the DOX-nanoparticles in
pH 7.4 PBS buffer solution at 37 °C.

[0042] Figure 16C depicts a confocal image of CCD-112CoN cells after 4-h incubation



[0029] Figure 10B is the inmage of Fig. 10A with all channels shown, i.e.
nucl eus and nanoparti cl es. [ 0030] Figure 11A shows the cellul ar uptake
of cyan- cwbansdsed35|1 oaded PLGA nanoparticl es into hunanpoorseaboomoddan cel |l s,
CCD- 112CoN, with counterstaining of nucleus with blue DAPI (only cyan
channel shown). [0031] Figure 11Big the image of Fig. 11A with all
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[0047] Figure 17D depicts the image of Fig. 17C with only the green channel shown.
[0048] Figure 17E depicts the image of Fig. 17C with only the blue channel shown.

[0049] Figure 17F depicts the image of Fig. 17C with both green and blue channels (but

not the red channel).

[0050] Figure 18A depicts a confocal image of fluorescent drug incorporated

microparticles.

[0051] Figure 18B depicts a confocal image of a MCF-7 cell after incubation with blue
drug-incorporated microparticles, the cell nucleus is counterstained red with PI (all channels

shown).
[0052] Figure 18C is the confocal image of Fig. 18B with only the blue channel shown.

[0053] Figure 18D depicts cell viability after being treated up to 4 days with control
placebo particles (blank), QD-loaded microparticles (QD), and drug-loaded microparticles
(CPT).

[0054] Figure 19A is a confocal image of CCD-112CoN cells (non-cancer cells) after
treatment with fluorescent drug-loaded microparticles and couterstaining cell nuclei with red

PI (blue and red channel images shown).
[0055] Figure 19B is the confocal image of Fig. 19A with only the red channel shown.
[0056] Figure 19C is the confocal image of Fig. 19A with only the blue channel shown.

[0057] Figure 20A is a confocal image of NIH3T3 cells (non-cancer cells) after

treatment with fluorescent drug-loaded microparticles and couterstaining cell nuclei with red



[ 0041]

Fi gure 16B shows the cunul ative rel ease of DOX fromthe

DOX- nanoparticles in pH 7.4 PBS buffer solution at 37 C. [0042] Figure
depi ct s awvoanfoosad3si mage of CCD- 112CoN cel Il s after 4-h pPOT$ea06900044NO
2010/ 059135PCT/ SG2009/ 000447 6 with DOX in the amounts after 4-h rel ease
from the DOX-nanoparti cl es. [0043] #igure 16D depicts a confocal image
of CCD- 112CoN cells after 4-h incubation with DOX in the amounts after
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Pl (al [fhwudreseost drughioade)l. microparticles and couterstaining cell nuclei with red PI (blue and

red channel images shown).
[0061) Figure 21B is the confocal image of Fig. 21A with only the blue channel shown.

[0062] Figure 21C is the confocal image of Fig. 21A with only the red channel shown.

DETAILED DESCRIPTION OF THE INVENTION

[0063] The present invention provides a microparticle. As used herein, the term "micro-
particle" refers to a microscopic particle with a size measured in micrometres (um).
Typically, the microparticle has an average width, including diameter, of from about 1 um to
about 100 pm, such as an average width of from about 1 ym to about 50 pm, for instance
from about 1 um to about 25 um. In some embodiments the microparticle has a width of
maximally about 5 microns. In some embodiments the microparticle has a width of a width of
at least about 2 microns. In particular, the microparticle may have an average width of from
about 1 um to about 10 um, such as about 1 um to about 7 pm, about 1 pm to ‘about 6 um,
about 1 pm to about 5 pm, about 1.5 pm to about 5 um, about 2 pm to about 5 pm, about 2
um to about 6 pm, about 2.5 pm to about 5 pm, about 2.5 pm to about 6 um, about 3 um to
about 6 pm, about 3 um to about 5 um, about 4 pm to about 6 pm or about 4 um to about 5

pm.

[0064] The microparticle may in some embodiments be a member of a plurality of
microparticles. Such a plurality of microparticles may be of, or at least essentially of, a
selected width range. As a few illustrative examples, the microparticles may have, e.g. at least
essentially, have a width of a range of about 2 to about 5 pm, about 3 to about 5 pm, of about
3.5 to about 5 pm, or about 4 to 5 um. A respective plurality of microparticles may in some
embodiments also be of, or at least essentially of, the same width. As a few illustrative
examples, all or at least essentially all microparticles may be of a width of about 2 pum, of
about 2.5 pm, of about 3 pm, of about 3.5 um, of about 4 pm, of about 4.5 pm or of about 5
pum. Any technique available in the art can be employed to obtain microparticles of a desired

width or of a desired width range, such as for example size-selective fractionation.
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[0047] Figure 17D depicts the inmage of Fig. 17C with only the green channel
shown. [0048] Figure 17E depicts the image of Fig. 17Cwth only the bl ue
channel sWown10/0591350049] Figure 17F depicts the inage ofPCEiSG20@0@#ith bot h
green and bl ue channels (but not the red channel). [ 0050] Figure 18A
depicts a confocal image of fluoresceng drug incorporated m croparticles.

[ 0051] Figure 18B depicts a confocal image of a MCF-7 cell after incubation

wi th bl ue -NC L ed. ticles. i- .
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Figure 18D depicts cell .vi.ability after being treated up to ays w.th
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drug- | %ﬂﬁ@c%dﬁiélé ORAK! b&! &5 nokfbinogenous ONPddiurkl OAN Qinl Mustitive Cxafptal| thenage
of CCD- 112CoN cell s (non-cancer cells) after treatnent with fluorescent
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a conf ocal lea e of NI I—E’,T3 ells gen%n-can er cel Its{) fﬁer tr td nt with
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red cancer agent. The microparticle includes a biocompatible polymer. The term "biocompatible

polymer" (which also can be referred to as "tissue compatible polymer"), as used herein, is a
polymer that produces little if any adverse biological response when used in vivo. The term
thus generally refers to the inability of a polymer to promote a measurably adverse biological
response in a cell, including in the body of an animal, including a human. A biocompatible
polymer can have one or more of the following properties: non-toxic, non-mutagenic, non-
allergenic, non-carcinogenic, and/or non-irritating. A biocompatible polymer, in the least, can
be innocuous and tolerated by the respective cell and/or body. A biocompatible polymer, by
itself, may also improve one or more functions in the body. A variety of biocompatible
polymers is suitable for the formation of a microparticle according to the invention. The
biocompatible polymers can be synthetic polymers, naturally occurring polymers or
combinations thereof. As used herein the term "synthetic polymer" refers to polymers that are
not found in nature, including polymers that are made from naturally occurring biomaterials.
Examples of suitable biocompatible polymers include non-absorbable polymers such as
polypropylene, polyethylene, polyethylene terephthalate, polytetrafluoroethylene, polyaryl-
etherketone, nylon, fluorinated ethylene propylene, polybutester, and silicone, or copolymers
thereof (e.g., a copolymer of polypropylene and polyethylene); absorbable polymers such as
polyglycolic acid (PGA), polylactic acid (PLA), polycaprolactone, and polyhydroxy-
alkanoate, copolymers thereof (e.g., a copolymer of PGA and PLA), and mixtures thereof.

[0066] A wide variety of biodegradable polymers is also suitable for a microparticle of
the invention. Biodegradable polymers, as defined herein, are a subset of biocompatible
polymers that gradually disintegrate or are absorbed in vivo over a period of htime (e.g,
within months or years). Disintegration may for instance occur- via hydrolysis, may be
catalysed by an enzyme and may be assisted by conditions to which the microparticles are
exposed in the cell. Examples of biodegradable polymers suitable for a microparticle

according to the invention include, but are not limited to, polyesters, polyanhydrides,
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[0058] Figure 20B is the confocal image of Fig. 20A with only the blue
channel sWown10/4s0059] Figure 20C is the confocal imge @®CTRG300920044W t h
only the red channel shown. [ 0060] Figure 21A is a confocal inmage of C6
cells (cancer cells) after treatnent wth fluorescent drug-|oaded

m croparticles and couterstaining cell nuclei with red PI (blue and red

h I i ' i 21A
i th o TRREREA2 Walehh ARt Sl AIGHOYHRaRs pERRRpahofi, 2
of Fig. p(ﬂ}”uﬁomxtolnes:) Iploythdﬂ)xyaiﬁamdatﬂsnmlywmmesmmﬂﬂma%ﬁm’s,HﬁlmﬂﬂéarTHE
| NVENTI,ON 6 t t ticl As d
ner oi n DHES, BOHRHTPR G pERDREIS™ MO EoD P PGS SOpCe it BYEePEn
Si ze NMegsdts, et dofhbifaGioRTEeF RS, Aﬁlﬁruustrlﬁm &ddniple of A&iddepfaapletgolyrierlia poBA
aver age w dth, includj ng di anete of fromabout 1 pm tow?bout 100 gm, such

as an a&%h)é@@xw agid), der exgnrish ‘Bﬂﬁ’iaftl‘Rrﬁc’f% Bl coiy Rﬁﬁd PRt GopebyAeE: fom
about - Jpiiihicd ﬁt?%i‘su%ﬁ o8 ol (- 18GIE) BAIOAY. 1Y@ L OFerlloF (DAY, ol (@1,08RdS

wi dt h maxi ma about crons. I'n sd enmbodi ments thé mcroparticle

has a wWPdid), Q1013E(Lvlmitd¢ Q@f—DeIi-lab@@t (PMtPIZA)n miyhslactide-graghycelided r(PLiAé

t
such. iR BN R ARE SR RO A, o REh R e R eRt Bitbors O
about &gPI(fG?bEDMC), 50]@’0@1@13\81511&4&0 Eag‘bcliltactabcﬁ)u(PIZA/Rl[)f)Lf);)pally@]yccﬁltdpmpbcabﬂjal'z5 2
mto ou abaout abou mTt0O abo
bout 3agieneo CEHE redtsciubiate snifk (BEaBonphiRoun StosE BbPEPIlE. 6
pm or a@lﬁwfraté pﬁm@ﬂ%hougluémate &@gﬁédmltheacm)cr PRBF ek ChiftyIoRY- chibof @R thyl

enbodi nents be a plurality of m'croparticles. Such a pl ural ity
of mi cr@pmate) @91M6wbmt%¢ster@)r Enrther #semples coft puitable biodegradahle qobamems dt h

range. t
ot Sl afi bR U bt & pEIRERASSIackl®) (BELPRA LipliRerTMerB Sooh 550 B
3 to abmiycaprdRagtorf cabuaiytacllde; tpnlﬁbtdulxyﬁiuﬁnate ¢PHBAQand 4:o1oadyﬁeﬁmf p@lyhy—

r espect cro ar t.i

LoD eyt ph s TP ik oS TR ety S e A e BB o s

all or a’:l'tndléia&hhﬁﬁﬁi%fﬁdpaiyhnérah lpolyi- ﬁlid@?ﬁ’dzfeh@ aepolyﬁnmbearﬁbnaae,vpcdyddméthgpout 2
pm of about 2.5 pm about of a

about 4rsneghlene effrb%e%ferﬁoﬂﬁmaﬁﬁhym? qa@@ﬁﬁﬁebu% p&&%l%a&%ea. era}aetoeanabe
enpl oy eghi{@RRkRE N rﬁoﬁfaﬂﬁ?dﬂded dfyancﬁcg@f&er adtyrbFhdlaQivea§ palySieBodaesl op dt h

range, ‘such as for exanple size-selective fracti onati on
polyester-amide; a polysacchande such as hyaluronic acid; and copolymers and mixtures of

the above polymers, among others. In some embodiments the biocompatible polymer may be

crosslinked, for example to improve mechanical stability of the microparticle.

[0067] In certain embodiments, the microparticle is formed from a biocompatible
polymer, such as a biodegradable polymer. It may for instance be formed from a poly(a-
hydroxy acid), such as a poly(lactide) ("PLA"), a copolymer of lactide and glycolide, such as
a poly(D,L-lactide-co-glycolide) ("PLG"), or a copolymer of D,L-lactide and caprolactone.
Poly(D,L-lactide-co-glycolide) polymers include those having a lactide/glycolide molar ratio
ranging, for example, from 20:80 to 25:75 to 40:60 to 45:55 to 55:45 to 60:40 to 75:25 to
80:20, and having a molecular weight ranging, for example, from 5,000 to 10,000 to 20,000
to 40,000 to 50,000 to 70,000 to 100,000 to 200,00 Daltons. The microparticle may also
include or be formed from poly (lactic acid)-d-a-tocopheryl polyethylene glycol 1000
succinate (e.g. Pan, J., et al., Biotechnology & Bioengineering (2008) 101, 622-633). Yet
further illustrative examples of a biocompatible polymer are a collagen, a chitosan, an
alginate, heparin, gelatine and hyaluronic acid, six naturally occurring polymers. In this

regard polyhydroxybutyrate (supra) is a polyester produced as granules by microorganisms.
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or sem-solid matter that allows including the anticancer agent into the
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i.e. amtrix-filled systemw thout a void or cavity. In sone enbodi ments

the mcroparticle may be of non-honogemous structure. As an illustrative
exanpl e the m croparticle may have a core Ioaded with the anti-cancer
agent, n1of
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I ncl udes a nanoparticle. The nanoparticle nmay for exanple be a nanocrystal
or an anowphoussasaoparticle. The nanoparticle, e.g nan®cCmigs2aio 000497
generally of inorganic matter. In sone enbodi nents the nanoparti cl ei ncl udes
paramagnetic matter. In sonme enbodi mentis t he nanoparti cl ei ncl udes
ferromagnetic matter (al so ternmed superparamagnetic). Exanpl es of
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formed from metals such as Zn, Cd, Hg, Mg, Mn, Ga, In, Al, Fe, Co, Ni, Cu, Ag, Au and Au.

[0074] Another type of binary nanocrystals suitable in the present invention may include
one metal element M1, and at least one element A selected from main group V or main group
VI of the PSE. Accordingly, the one type of nanocrystal suitable for use presently has the
formula M1A. Examples of such nanocrystals may be group II-VI semiconductor
nanocrystals (i.e. nanocrystals including a metal from main group II or subgroup IIB, and an
element from main group VI) wherein the core and/or the shell includes CdS, CdSe, CdTe,
MgTe, ZnS, ZnSe, ZnTe, HgS, HgSe, or HgTe. The nanocrystal core may also be any group
I1I-V semiconductor nanocrystal (i.e. nanocrystals including a metal from main group III and
an element from main group V). Each of both of the core and/or the shell may, for example,
include GaN, GaP, GaAs, GaSb, InN, InP, InAs, InSb, AIN, AIP, AlAs, AlSb. Specific

examples of core shell nanocrystals that can be used in the present invention include, but are
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subgroup JIB, "and an el ement from nain rou VI) wherein the core and/or

t he she’fBP PSRewhed and B bathsepreseatran. elR@Wét azhg@up PYoref thegSE. HgSe, or
HgTe. The nanocrystal core may al so be any gr oup [11-V sem conduct or nano
crystal (ioeg7] l]Exaﬂpre)éSdfaﬂhﬁs tyEé |l afdiongbg@ndim@! @knalry @mqmtemﬁy Qiéﬁoérblbtaf%rlihv@n

el enent, from nmain ach of both of the core and/or the sh may,
For | oxchfbn SO ef b IneiRse, tn Bhoss il Loelah Chepsoq (260 )%859%@94@1@% 3
A As, Agh.s §9ﬁ@hfe;nc 56X @RL LR 11355.£3 500} 1RARRTNSHA A Bhniaob @S ed
in the présent invention 'ude, but aré WO 2010/ 059 pSCQOOQ/ 000447
12 not 30G04{056823.0, (CdSe) - nanocrystal s having a ZnS sheII as well as
(CdS)-nanocr%stal s having ZnS shell [ 0Q75] The |nvent| on i s not
limted tPA7$ESysh t@?lartmar@m@lm@c@htﬁaeblé&yea Preqess Hiah doelydesafayming,a

anot hery, ﬁé@%ﬁh@g&all\t/ﬁ‘ﬁ nocrystal of the invention can have a core
consisting o onogeneous ternary alloy having the conposition Mi, MA,

wherein (a) M dredtinga maetlomm@gtéwdz@ntamyng 8leadenecht M bin aforel swteble fof the

of oo Gapieln S0 B e, SR Rertoedlve T BRRR & Bl eRule e

of the dl@héntgyx aup fofn afitablecfoPhk, genération of a nanocrystal, heating the reaction mixture

for a sufficient period of time at a temperature suitable for forming said binary nanocrystal
MI1A and then allowing the reaction mixture to cool, and

ii. reheating the reaction mixture, without precipitating or isolating the formed
binary nanocrystal M1A, to a suitable temperature T2, adding to the reaction mixture at this
temperature a sufficient quantity of the element M2 in a form suitable for the generation of a

nanocrystal, then heating the reaction mixture for a sufficient period of time at-a temperature



(b) ML and M2 are both selected froman elenent of the main group (I11) of
the PSE, when A represents an elenent of the main group (V) of the PSE.

[ 0076] | rwarotomss13enbodi nent nanocrystal s consi sting of paTiscroysneaus
guaternary all oy can be used. Quaternary alloys of this type have the
conposition ML 1, MxAyBi -y, wherein 13 (a) ML and M2 are independently
sel ected froman el enent of subgroup 1113, subgroup VIla, subgroup Villa,

subgr ou (o] r n@di SE) ,
ahen A SitsPle o5t kol SHE el nhilEOREN AF) RISKCETN WGy e NG )

(b) ML surduteRo oe tb mokep éeroigarstuye, sed molating thedtamary wHneomynital M1 N2, Aai n group
(I1r1) of the PSE, when A and B both represent an el enent of the nain group

(V) of thd00POEIn thesp @@ty arnacnybtels, the indexx tppdavd a velwo gddld < sr<n@P99,0r

quat er n R s \Y; escrd st an Zh et al
J) SRS 6 (‘%@é)" %959?’ §§ % ‘gﬁ?ﬁq@é s off }&r‘?jfnb&ﬁ‘é?ﬁ ?Ssg‘cc"‘flzoos)
125 13&51% 4 3502, b&wethabbint ernai h@mlo B)atbearﬁoua@m ioﬁ&ibbﬁﬁ 0M0D R0t HhAF23.
[0078] Such ternary nanocrystals are obtainable by praocess that includes

f or m nghNOREYELRSy Y B#0RaKe K EAlugpi0-BYL T Ve d9PRgo8 %%1? 06 Q- G k¥ o @9%Wtdi ni ng

the el emngxN@ggrg,rgetf%@ﬁna%uttoapmgbgﬁt@gue generation of a nanocrystal to a
suitable tenperature Ti, adding at this tenperature the elenent Ain a form

sui tabl e I{@(Ssot] he sﬁ@ﬁﬁr\alt ﬂeﬂﬁrpﬁaxﬁ)cﬂ%fa@sc kEeSd1&hentD B2 bxﬂﬂMZ"iﬁclh@é‘& %He% fayt ure
for a sufficient period of time at” a tenperature suitable for formng said

bi nary braindepepdently sslecasifremehe groupwhnsistingeofZan €1di avd Hig. xkherelementvef theand
reheati
f ormoa Boub N riRC kBl Thath Y Mik OO pREFSID ciBtd ol 2808 LAt ngﬁiﬂg the
reacti oof SﬁSetamdd‘eatThﬁd; lall comibjretiansiofthesesldrhents Mit, Mpuant Ataye withinhthe staprent
M2 in m sui. f .t he eration of a nanocrystal hen heating the
Ve act oot B FrarboR b ErBRTals SogysBlBean Hearisel tapin have
the composition Zn,Cd;.xSe, Zn,Cd;.,S, Zn,Cd;«Te, HgCd;«Se, Hg,Cd,xTe, Hg,Cd;S,
Zn,Hg; «Se, ZnHg; ,Te, and Zn,Hg; «S.

[0081] In some illustrative embodiments, X as used in the above chemical formulas has a
value of 0.10 < x <0.90 or 0.15 < x < 0.85, and more preferably a value of 0.2 <x < 0.8. In
particularly preferred embodiments, the nanocrystals have the composition Zn,Cd;«S and
Zn,Cd;4Se. Such nanocrystals are prefer;ed in which x has a value of 0.10 < x < 0.95, and

more preferably a value 0of 0.2 <x <0.8.

[0082] In certain embodiments in which the nanocrystal core is made from III-V
nanocrystals of the invention, each of the elements M1 and M2 are independently selected
from Ga and In. The element A may be selected from P, As and Sb. All possible
combinations of these elements M1, M2 and A are within the scope of the invention. In some
illustrative embodiments, nanocrystals have the composition GayIn;,P, GayIn;4As and
GayInj.4As.

[0083] In one embodiment the nanoparticle, e.g. nanocrystal, includes semiconducting
material, wherein as explained above the semiconducting material may include at least one of

a metal and a metalloid.

[0084] In one embodiment, the nanoparticle is a coordination nanoparticle that may for
instance have a coordination nanonetwork of nucleotides and lanthanide ions and include a
dye molecule. An example of such a nanoparticle that has a fluorescence dye has been
disclosed by Nishiyabu, R., et al., Angew. Chem. Int. Ed. (2009) 48, DOI: 10.1002/anie.
200904124).
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nanocrystal ML 1, MA and then allowing the reaction mxture to cool to room
t enper at we,20md9i3sol ati ng the ternary nanocrystal ML i PEWRGA009/000440079] I n
t hese ternary nanocrystals, the index x may have a value of 0.001 <x <
0.999, for exanple of 0.01 <x < 0.99, &4 1 <0.9 or of 0.5 <x < 0.95. In

ot her enbodi nents, x can have a val ue between about 0.2 or about 0.3 to

about 0.8 t . r C . val ue of
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group consisting of S, Se and_Te. Thus, all conbinations of these el enents

M, M msardapheteacausts (PAHed phetdhesmak (RT) mHcroneapyimay he pmpleyed arwhigh are

NP B . . . o

ool | seu ARG e JHG ot G BAGRb AR G QB INP iy ARBRAAI L1 On

Znx| i gi b QDsaisdev@niiallyicohBerted inf@ bet] Usingsopelse lases anditai multondbdé Fdrtls, x
d.i.n the ab heni cal f | <X <. 0

0" 15° Sxiffellft 3832050 oyl Wi LAE (B1053'e, S8 a058) hap admPystiisly |

pr ef er r gk teciingieTent s, the nanocrystal s have the conposition Zn"Cdi, S and
Zn" Cdi "Se. Such nanocrystals are preferred in which x has a value of 0.10
<x < 0. 95,[0689] Insomepimiwtimbhty the wiltropartitleCof2theXnvéhtidn inclufi@08 Hlurhlityasft t ai n

enbodi nents in which the nano stal core is . made fromlll-V nano crystals
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1
possi bl e conbi nati ons of these elenents M A are within the scope

of the #houeAl MR, abautsd kit Rbqus SO vehaboBd bt ARV 45 Widhothoys 0 te abentdllt he
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I
t he nanoparticle, e. nanocrys i'ncl udes™ seni‘conducting nmateri al,
wher ei natast 6Xpbabre2(atyo¥e abhet kenitwandd eti%hgpboat 21t aboutdP Wk, abeitSttol east

nanopar 108 80 74 PA0E sl f1a st ARsskit PEPSoRAEBRPSFAI nit ance have a

coordi nati onet.wor k..of, nucl.eot i des .l.ant hanj de ions d_.i e a
dye nol ec J{?@ﬁ ﬂepeasr(aélr%ll to }Sgh@ﬁglﬁtyéluﬁ%ﬁglp%?? P Na %gergo@@ oal"té3 2‘%&%(;9 dye
has beeentherathres othbyrdvesidd ofatbitn-o&tyl pitispliihe oxilleq@OPOJree nhe itabilizing ligh2009)
48, DOTAs %(i)rés% t0 c/a ggﬂo%'artlzc (%ga(f)g clsgad"cgd with a monolayer of TOPO, a hydrophobic molecule,

and the QDs are solvable in non-polar solvents and do not disperse in aqueous solutions.

[0088] In some embodiments the nanoparticles are distributed non-uniformly in the
microparticle. In some embodiments all or at least essentially all nanoparticles of the plurality
of nanoparticles are arranged close to the microparticle surface or proximate the surface of
the microparticle. In some embodiments all, at least essentially all, or most of the
nanoparticles are in contact with the surface of the microparticle. All, at least essentially all,
or most of the nanoparticles may in some embodiments be arranged in a near-surface zone of
the microparticle. This near-surface zone is defined by the distance of 0 to about 250 nm
from the surface of the microparticle, i.e. the portion immediately below the surface of the

microparticle.

[0089] The distribution of the nanoparticles within the microparticle of the invention can
be controlled by the stirring speed upon their formation and the amount of nanoparticles used.
Where the microparticles are formed by a process that involves emulsification with a non-

polar solvent and an aqueous solution the volume ratio of non-polar phase and aqueous phase
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detecting, imaging and nonitoring the delivery of the mcroparticles, for

i nstance We 2059 BSt agents. As an illustrative exanpl epPCrrsGaomiossue sanpl e
or in cell culture live cell imging can be perfornmed, thereby tracking and
nmoni toring the whereabouts of mcropariscles and their anount in the cells
under investigation. In this regard, photoacoustic. (PA) and photothernal
(PT) m A t QR and
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in non-pol ar solvents and do not di sperse in aqueous sol utions. [ 0088]
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be arranged in a near-surface zone of the microparticle. This near-surface
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upon their formation and the anmount of nanopartlcles uséd. Were the
m cr opafi¢repasticiglsd enablae quintitativer ensdesss tueh canpol besachinved iotherwiseodhoger h a
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evaporation method and formulated by using the biocompatible amphiphilic copolymer, poly
(DL-lactide-co-glycolide) or PLGA, as the matrix material, hydrophobic QDs or other

nanoparticles such as magnetic or metal ones, as the morphology-visible surface-fluorescent
or functional material, and/or anticancer drugs, hydrophilic doxorubicin and hydrophobic

camptothecin, as the controlled release therapeutic agent.

[0091] As regards the anti-cancer agent that is included in the microparticle of the present
invention, the anti-cancer agent is typically present in an amount of at least about 0.5 weight
%, such as about 1.0 weight % based on the total weight of the polymer of the microparticle.
In some embodiments the anti-cancer agent is present in an amount of at.least 1 about.2
weight %, for instance at least about 1.3 weight %, based on the total weight of the polymer
of the microparticle. In some embodiments, the anti-cancer agent is present in an amount of
at least about 2.0 weight % based on the total weight of the polymer of the microparticle,

such as in an amount of at least about 3.0 weight %. The anti-cancer agent is in some



can al so be used to control the distribution of nanoparticles within the
m croparticle. Wiere the nanoparticles are non-polar, which is typically

t he case wononesessystal s, they are of higher affinity PoTSGRq90b@H7
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[0104] The microparticles used in a method of the invention further include at least one

of an anti-cancer agent (herein also termed the “drug”) and one or more nanoparticles, e.g.
nanocrystals. In some embodiments the microparticles include both a nanoparticleand an
anti-cancer agent. The above explanations and definitions apply mutatis mutandis with the
proviso that a microparticle used in a method of the invention may in some embodiments
include only a nanoparticle, e.g. nanocrystal, or only an anti-cancer agent, but not necessarily

both. Further a microparticle used in a method of the invention includes a biocompatible
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[0121] The non-polar solvent and the polar solvent may be used in any desired ratio. In
some embodiments the polar solvent is used in excess when compared to the non-polar

solvent. In some embodiments the ratio of the non-polar solvent to the polar solvent used is



[0133] Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum
arabi c, twbepiopsbissi nyl pyrrolidone, carbopol gel, polyecmgiceom/iogésptol ,
and/ or titanium di oxide, |acquer solutions, and suitable organic solvents
or solvent m xtures. Dyestuffs or pignents may be added to the tablets or
dragee coatings for identification or to characterize different

conbi natdonss ff b@ et {h\éerglggél]ggxgl%o F?eﬁ) to ?bclalq’ %%ISHH?% HBGEYL 'l@atb abaut 11,

preparatlons that can ora I nc It capsules ma

gel at i nabovad: WBItd abentded, tabowteli|Setd abapfshlle@omtaéleS ¢ alppait 417, abowindd Geto about
plastichzely,3Y4CH fndht Bidcze (%utcif 6 3Ot 91s: 1n-m&BPé’asﬁh%'otfaﬁé’\ﬁsl%es can

contain the active I ngre S i n adm xt Urf

2010/ 0591%5?25/1562&99/&1%4&&&@ tﬁét&gébétﬂga% RUG M @ASpd1aC AR GparttlB 1S ét?éJCh

as starches for lubricants such or magnesi um st'earate an

opt i onablogompatie mObémasr is|mpelar pr eapwuthazhilie melyme@srblpml a1 embpdipegt the

ot 0 poyced i tokablet e ditdfarc flly 3l bl ?J%lé%wzg“%? Boitke e

f or mul aPjogess tn@iud@s a?rowdmgnasmanapar@nlestf@muhar Uéeumowsag deviidissblveng ¢he such
d

]?O p"m”:)fsﬁl %?@%‘téblgﬁi %H;gtﬁ 3%‘15 Qi?s?e&ﬁrfé"ﬁ?et hQibpafthfe G2 @Qaﬁkéﬂlé’ %nrl?cﬁar &{igef@

I n"convention mnne
The ni cTbgraby iachaspetay phesefisrioumed. ekhef procersrasw mcmdeadiddmgstor fhtei mom- ojar

I nj ect| ' gﬁ‘c{se Qpdlar s@b(re}?tOlTHé Bblt'a% %)%én??s ed g?&fb's&ﬂﬁﬁfy i'rrﬂﬁﬂéllbpéﬂ'\mtf %é%nla&%dl

for inj res unit dosa or in
mul ti - dedeentoBy adchag $he palatsokrental Mpbaﬁmmc w@rmach eTheq:vrpws fmrdrmnmy

'\[/ 2ﬁ |ec IS g@%ﬂggé Er%a?iﬁ% %l’ﬂ{f rﬁPQQ i tﬁf o] lﬂxér%&f ht% gr e C%ﬁl'cf&ﬁgs 18 % Yo oA YS

SF as su pen
stabiliaf mgnemdﬁx&pled H‘hp@oshmy oﬁdm’nnamopamc][eomﬂﬁh tlﬁ&muompaafucﬁeaalcommitwdshﬁ | ons

sui t abl I S tlon |t|o wher e
oot v O B e b R B R SR ORISR TRRR T R
amount ef dgtatmﬂetm mcaezke gvthe irdtio ofithe ndlemeplfrﬂn@m-pm phaspan:tlfelpmdxlsylveat

therapeutlcall ef fect.i ve,anpu neans fective to
br oventPosihs e Fapo Bt AEPiThe TERRE PR PHPrEle, AETRRHR I8 Gl

subj ectoib@magom alapesitiomethe hanopatticheicloger do tHeaesnefpedfi thaldigrophitietst i ve anount
is well wthin the capability of those skilled in the art, especially in
li ght of t[AKR3]dhastmd dinbodiventse the ondndpattikker e$ na polaI{ Of®@dparkiole ang the

| 1
o root | igtifetels NGt N LRRAAASYRS: Bl plch By PR IR ML RGN B Y
exanpl emipddste ceay lheclody rpudnadmg the hmpqmpatltﬂdqbcﬂymer aT:’dm ereceas dnclodésat i ng
Conce”t BN tﬁ‘é‘ %nB a%c 815 thQ r'o?%@ f%%l d& %r Rx? 'tﬂe Go%éo&p%%fér €
ratio Rd

(1. the
hal f - rregxolymler amd1d1|sp¢rismg thrf naﬂmpaﬂtmeamel antlabm;toya)r soEnemh Tﬂlﬂfebyrmpolmphaemwbe

used to L | det erm ne..useful dqgses, i n _humans. 1 The
ot op TR B Ho RS e R A3 70 e SREPRS MR or sl T ndfle,

whi ch npolacarivait hs amkeasirsubnarmaﬂlm 1tnmisahk9ew1fth) thespcdamtoavamt r@y aliding the non-

m cropart,i cl e active e nm I |nstance

ol on bt deivenfs siotatiad it is DERH TE proelre PARSAIO Al R GRSE e

di sEens@go -please amxtmg "ﬂ&:lranmhmpmneemllrbmaeﬂaﬂammglthe\forfmnoadjflarmmnmdah TEe
ac or | S al.So acco nl e a .notl ce,assocC t he

D ol s noRE BB e TR p BB SR R RRRIE St e o B b € B RB o

manuf a01}ntB’n§1,ty w$ ergitatiors am]? uﬁfﬁee{s]l? an rmc emnsiﬁzl Sf agumgﬁl fpm@iuﬁﬁe thes nﬁlﬁfﬂaﬁﬂﬂesve of

a rova the a nc t.ne un or Uan e nar

T o Sdtpset o e SUERS ¥ e i Copytell eyl TR ORaN o 059 PP e S B oy

the U. rﬁxcr&mdclamh &I goiesTiedi 5t th%tﬂaﬁ@ o@l’chd){fdilﬁfnegﬁ\’tﬂé O PolaoRMent fcpthe

prescri gotl a(sjé y Smc?e%sé Q‘lethg szt)irootyfetge B(r)lggqlécotf tlllenr?o%r-polar phase to the polar solvent

positions the nanoparticle closer to the centre of the microparticle. | .

[0124] As explained above, the microparticle may include a plurality of nanoparticles. In
the formation of such a microparticle a plurality of nanoparticles may be dispersed in a

suitable solvent. A plurality of non-polar nanoparticles may, for instance, be dispersed in the



WO 2010/ 059135PCT/ SG2009/ 000447 29 [0139] In order that the invention
may be readily understood and put into practical effect, particular

enbodi mrenwe 2iodsorsew be descri bed by way of the foll ow mrgTSGREdIONI4HT NG
exanples. It is understood that nodification of detail nmay be nade w thout
departing fromthe scope of the invent2®n. EXEMPLARY EMBODI MENTS OF THE

| NVENTI ON [0140] Fig. 1 and Fig. 2 illustrate the current use of

quant umﬁﬁgﬁe (5 Pola) sdivent UHBRET RO it XS gs@} 3{411@15&&&54 99{9, &3 hnaide art.
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Cvent | BRI CRRER, of Srie ol (orclhfel SREHi LAY SRrRAGOBRIRG of diselE lovcls

i nvent i ' mare, W eriod hrs, preferably
t aken upssbeiated vy cawentsonahje. g renteoahea phrsoteralbademisttation ef biggle3joses of frg@143]
Fig. 5 | t ' b . m. rd P Q0. .
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ef f ect i biecoepititilapolypteakis paftidulariyneeiié fisr sek@med acloper Additesal(tissue spreid son
to the MLELERALCLERoAL: hE LLINENtL Ol IpTganat ed vi th hydr ophobio

guant um odi'sperse particles O nmin size were obtained

and used gplid}eﬁﬁe rﬁf& l§dies ddsGribedetein @aéé@gd;mﬁj erd tol 1o includinﬁ
nanoparticles on glass substrates. Fig. I s a fluorescent” photograplt of

t he PLGAhnmaopaticitqiesse,i or inqieuasesiidal comnosiiotsr wive dlxeyi argtmignd wHthgotheC and
Fig. 6D . : n | r | nal i ' qr een
pLEA naraS bR a AN e ARG or SRARELEHER SRl bRl Tefhs

i ncubat fayrfommulatiorCand bimivasiraipn of uespectsteaintiropproflentasembls o ark idendical to

pr opi di | adi IOl ' S | on. of, t | ] nly
Phe’or el BE 168, dblebatal vbigth cobeln € WASGMAARNP e A LRGN bl

r epr es einchide pputcire e limed dooh tahidechalnned parentenal dbdiveyt Anglutpdith oPLEA
hanopar 1%1'1(%!)1?3?11181@9 nprl'}'fctleeﬁs’ed to fill a capsule or tube, or may be compressed as a pellet. The

microparticles may also be used in injectable or sprayable form, for instance as a suspension

or in a gel formulation.

[0127] Suitable routes of administration may, for example, include depot, oral, rectal,
transmucosal, or intestinal administration; parenteral delivery, including intramuscular,
subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct
intraventricular, intraperitoneal, intranasal, or intraocular injections. It is noted in this regard
that for administering microparticles a surgical procedure is not required. Where the
microparticles include a biodegradable polymer there is no need for device removal after
release of the anti-cancer agent. Nevertheless the microparticles may be included in or on a

scaffold, a coating, a patch, composite material, a gel or a plaster.

[0128] Alternately, one may administer the microparticles in a local rather than systemic
manner, for example, via injection of the compound directly into a solid tumor, often in a

depot or sustained release formulation.

[0129] Pharmaceutical compositions that include the microparticles of the present



WO 2010/ 059135PCT/ SG2009/ 000447 30 [0145] Fig. 7 shows the cellular
upt ake of green Q| oaded PLGA nanoparticles as universal carriers into
human norwermaldosbisag cancer cells, NC -H1299. Red Pl wagcusedodonos47
counterstaining the nucleus. Fig. 7A depicts the obtained imge with only
t he green channel, showi ng the nanoparg7i cles, while Fig. 7B depicts the
obtained image with all channels, thus depicting both PLGA nanoparticles

and nuclGlgon gléléi ImdduGactdted 18V hitel thdt s tse‘l@i{ﬁ%&nog- %&eﬁp it o(ﬁded

PLGA nanoparticles as universal carriers into human €ast “Carcer cell's,
MCF- 7. ®Rextefionphsmidng] fdissolvingnt granslatingyi dppgebranaking, elayigafing, @wulsiépngt s

t he obt 'C 8%@4@29&%[&?&3%0&'1 (%I}htl]%l I%gesgggannel , showi ng the nanoparticles,
bic e 0 M
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both PLGA 6‘?33)? ' r]g MG ' 014 ' . ' r
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green %kﬁﬂ%gga&%tﬁﬁgg s%h.d es into human normal colon cells,

CCD 112 Wwas use or counterstaining the nucleus. Fig. 10A

depicts t Lned . i r een: : ' t
nanoparti gﬁeﬁ?% F@gdg{%%ﬁ%&%ﬁgﬁb?ﬁlﬁ glgtgrg}oqn%% Q?%gfgﬁ?\n@téﬁagﬁaﬁg%%ﬁ nel s,
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the celpyl.an e =c.ol OF: 1 ' use
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Fig. 1lappdepiate to thecbapheraforizpérmegied wire hsadninythe Hernawlamoms Haneh eleneteAngsningg t he

nanoparj i , LI | 11B depicts the obtained image with all channels,
t hus de (Jinc%a?lﬁém%%lﬁﬁﬂﬁc&'nanopart i cl es and nucl ei . [0150] Fig. 12 - Fig.

14 depi ct Fgéﬂ%g ggf Jate] Oﬁﬂniﬂﬂqlaﬁ(%,l WeAtmiRipafREds @n Obe NHALARRRAD Eadily be

@s- i ncor por a m croparticles ‘according to the invention wth nofnma

cel | s, @ombiningChrmandthhplasacesiceldy agedptable pmpiers well kgowsy Jin fhg arth Sushows

an SEM (iRge RhviBRAE |¥mpBidRr &F Mt GhAREDA 1t6 1R SfothhBfedSiZ GbRAP PR, | Rikees,
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a
patient to be treated. Pharmaceutical preparations for oral use can be obtained by adding a
solid excipient, optionally grinding a resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch,
rice starch, potato starch, gelatine, gum tragacanth, methyl cellulose, hydroxypropylmethyl-
cellulose, sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired,
disintegrating agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or

alginic acid or a salt thereof such as sodium alginate.

[0133] Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different combinations of active

compound doses.

[0134] Pharmaceutical preparations that can be used orally include push-fit capsules
made of gelatine, as well as soft, sealed capsules made of gelatine and a plasticizer, such as

glycerol or sorbitol. The push-fit capsules can contain the active ingredients in admixture



[0152] Fig. 13 shows a confocal image of normal cells after 2-h incubation
at 37 C followed by counterstaining of the nucleus with red PI, which shows
limted (WO2amys9el | ul ar interaction with green m cropacrischem/00d#4y. 13A
depicts the obtained image with only the red channel, show ng nuclei. Fig.
13B depicts the obtained inmage with onpg the green channel, WO

2010/ 059135PCT/ SG2009/ 000447 31 showing the mcroparticles. Fig. 13C
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[0138] The microparticles may, if desired, be presented in a pack or dispenser device
which may contain one or more unit dosage forms containing the microparticles with the
active ingredient. The pack may for instance include metal or plastic foil, such as a blister
pack. The pack or dispenser device may be accompanied by instructions for administration.
The pack or dispenser may also be accompanied with a notice associated with the container
in a form prescribed by a governmental agency regulating the manufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the
compound for human or veterinary administration. Such notice, for example, may be the
labeling approved by the U. S. Food and Drug Administration or other government agency

for prescription drugs, or the approved product insert.



WO 2010/ 059135PCT/ SG2009/ 000447 32 [0157] Fig. 18 shows optical property
and bi ol ogi cal application of QD and/or drug-incorporated mcroparticles.
Fig. 18A we aicspf3scal i mage of fluorescent drug incor pecatsedo0d/ 000447

m croparticles. Fig. 18B is a confocal imge of MCF-7 cell after incubation
wi th blue drug-incorporated mcropartigd es, which clearly shows cellular
selectivity and uptake of mcroparticles nmade according to the present

i nvention. I i £t Shown
i Fl g, - 1AM 5 el Ry B nthAy PRl MGRobd and byt ERARARIGI B CND
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drug de?’ta%gﬁy E{ %t%éﬁﬁ%gh%ampﬂlgg VI a%1E ﬁléa[%ﬂ arter rﬁzg{ltegﬁﬁﬁgqﬁﬁ%
with coﬁlersodapqocbfatbebn'epmnl cles (bI ank), Q}I oaded microparti cI es (QD), and
drug-| oaded microparticles (CPT). [0158] Figures 19 to 21 show
selectivity in the uptake of dru Ioaded mcro articles by normal, healthy
cells and by canceEXJEYIPLARX IMEN TS OF BI@Nf j vity of
Q- | oaded mi croparticles. [0159] Flg 19A is a confocal i mge of

CCD- 112C0|‘ﬂ01?4'ﬂ |lfig( Pead Eﬁ'@{ Zﬂﬂﬂst{%%‘ﬂl%rcﬁi%%ntqﬁé |o¥ )qué’ﬁt&ﬁlrdéti ing "Q'f)rlh c\MnbE!mson
fl uorescent dru | oaded m croparticles. | ul'ar nucl ei were stained red

with Plto gxraseialar antahadiesphe g dVigle @H@Oétﬁs raady, seagh e el Susdep prdyare
channel érfé?eq@snot %h%ffeé@v?e m%aﬁshs 500 R6 BbmbFRAR iBlo £Ed, b ddis AW férhe

red channel shown, i.e. the cell nucleus depicted, but ‘not the drug-I oaded
M cr opaktergplizations; agmuqlg@oreseffqﬁév‘tmmcal image of Fig. 19A with only the
bl ue channel shgown e fluorescent drug in the mcroparticles

depi ct ed, [B141] r%g ﬁhlél%%qttps mfcp%lugar uptalfmécﬂuaﬁual dotsa(Dsvig endarvess- Anage

of NI "BEfﬁ’an‘ﬁﬁh' dot( BgAbt MNRRN2GHEC B0 YRshE! ﬂn%)nb@d}fee"l"ﬁer galuIRN ndbhdlsm of
fluorescent drug-loaded mcroparticles. Cellular nuclei were stained red

wi th Pl endpeytesiss hgwevsre Proyidesi iy of tranworatien oo Adaugtuse (iotahbe plagma
channel michmggs. (Zﬁhgrebg'Qéﬂsth&s I RreAN B! thhtB@eaif thElqlantd@ioMhh only the

bl ue channel shown, i e. the fluorescent drug in the 'mcroparti cI es
depi ct ed, [b42179E. hhﬁpfé@d iherhklzé'-@ﬁ%ndéﬁt GelldBCuptakd BE nGedbAERIes! AXBEGInR toF T
20A with onIy the red channel shown, i.e. the cell nucleus depicted, but

not t hethgr Byentinm&B) rinceuRPaIseR P eguantum qczsae(ﬂ) A gQuentany o éﬁ’me
i mage Olfncg'i%OfaQ(l:d it FRAGRS A8 é'gf)an@fch?crerfc %Bt Mictdbaltt ddi'éér é‘c%S g to the

drug-1 oad m croparti cles. l'ul ar nuc re stalne Thi

is an oweeftaindwithragedds ofidé nooatee wighind pglddl afed bzﬁdpne‘éaaalﬂhaaimlummaser Fi g
21B is f 1A with only the blue channel shown,
212 12 L GOk Pl e 2

oresc cr oparti cI es dep| cted, but not the ceI I
nucleus.
channel EbﬂtS] %g 5ae¢1% tl‘fffbfrﬁﬁ ne!&f;ﬁ%‘f‘pp: ctle ) ut n‘)(l)g{lhtg ﬂ'g@j(?rgug?%oaggtg
m cr opahr'tontyilldmsphlﬂﬂoﬁﬂt (TOBO) g6fGFASGRY CHY Bipddrpoded into newly formed PLGA
nanoparticles '(5) and PLGA microparticles (6) by coating with PLGA. The latter have a

visible luminescent ring-like morphology.

[0144] Fig. 6 shows the morphology and effective cellular uptake of luminescent PLGA
nanoparticles (in comparison to the microparticles of the invention) impregnated with
hydrophobic quantum dots. Monodisperse particles of 100 - 200 nm in size were obtained
and used in these examples. Fig. 6A is a SEM image of the PLGA nanoparticles on glass
substrates. Fig. 6B is a fluorescent photograph of the PLGA nanoparticles in aqueous
solution under UV excitation. Fig. 6C and Fig. 6D are the same confocal image for the
internalization of the green PLGA nanoparticles into the cytoplasm of CCD-112CoN cells
after 2-h incubation at 37 °C followed by counterstaining of nucleus with red propidium
iodide (PI). Fig. 6C is a representation of the image with only the green channel, showing the
nanoparticles, while Fig. 6D is a representation of the image with all channels, thus depicting
both PLGA nanoparticles and nuclei.



[0162] In order that the invention nmay be readily understood and put into
practical effect, a particular enbodinent will now be described by way of
t he fol | oworgiosat3si mti ng exanple. It is understood thacTrsododoaiu? on of
detail may be nade wi thout departing fromthe scope of the invention.
EXAMPLES Exanple 1: Production of quamggum dots

(@) / nanoparticl es-incorporated mcroparticles [0163] These

m croparti i fi | S i 0 ation
nmet hod, ar{giﬁrﬁ{%‘?afg yﬁ%sﬁlaﬁér% ogoﬁﬁggﬁgglgbé%%?jpﬁpﬁichco 0 i;é?ralgv;(r%[sas
t he mat wixenvdtarnias intddumabinoosnpitlubhg eampet yetis; NA EOA. Riep Pdwes used for

| y(DL-1 act i, de- | i de). L . f th t |
(poyor, et o Gt e 4 Tothots Tt PR RS 18Pancpin BROCFR e Ry
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[0150] Fig. 12 - Fig. 14 depict the morphology and cellular interaction of hydrophobic
QDs-incorporated microparticles according to the invention with normal cells, CCD-112CoN

and breast cancer cells, MCF-7.

[0151] Fig. 12 shows an SEM image of nearly uniform microparticles after size

separation.

[0152] Fig. 13 shows a confocal image of normal cells after 2-h incubation at 37 °C
followed by counterstaining of the nucleus with red PI, which shows limited (if any) cellular
interaction with green microparticles. Fig. 13A depicts the obtained image with only the red
channel, showing nuclei. Fig. 13B depicts the obtained image with only the green channel,



[0166] In a typical procedure in preparing nanoparticles (QD)-incorporated
m croparticles, 100 ng PLGA is dissolved in 4 m dichl oronethane (MeCl2)
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ng purified nanoparticles dispersed in 1 mM MCl2. A m xture of water and
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17D depicts the obtained image with only the green channel, showing the quantum dots in the

microparticles. Fig. 17E depicts the obtained image with only the blue channel, showing the
drug in the microparticles. Fig. 17F depicts the obtained image with green and blue channels,
thus depicting both quantum dots and drug in the microparticles (but not the cellular nuclei).



[0170] One skilled in the art would readily appreciate that the present
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treatment with fluorescent drug-loaded microparticles. Cellular nuclei were stained red with
PI. This is an overlaid image of the corresponding blue and red channel images. Fig. 20B is
the confocal image of Fig. 20A with only the blue channel shown, i.e. the fluorescent drug in
the microparticles depicted, but not the cell nucleus. Fig. 20C is the confocal image of Fig.
20A with only the red channel shown, i.e. the cell nucleus depicted, but not the drug-loaded

microparticles.

[0161] Fig. 21A is a confocal image of C6 cells (cancer cells) after treatment with
fluorescent drug-loaded microparticles. Cellular nuclei were stained red with PIL-This is an
overlaid image of the corresponding blue and red channel images. Fig. 21B is the confocal
image of Fig. 21A with only the blue channel shown, i.e. the fluorescent drug in the
microparticles depicted, but not the cell nucleus. Fig. 21C is the confocal image of Fig. 21A
with only the red channel shown, i.e. the cell nucleus depicted, but not the drug-loaded

microparticles.



37 Clainms What is claimed is: 1. A mcroparticle conprising a bioconpatible
pol ynmer, a nanoparticle, and an anti-cancer agent or a pharmaceutically
accept ablwo=alwososst er, prodrug or hydrate thereof, whePeTsG2m©/000447

m croparticle has a wdth of at |east about 1 micron. 2. The mcroparticle
of claim1l, wherein the nanoparticle i a quantumdot. 3. The m croparticle
of clains 1 or 2, wherein the mcroparticle has a wdth of at |east about 2
m crons. K = r :

morons . g BT Bl YD ORRAA WRARUET I ik e,

m cr opaa tpacﬂimla:rf emhydmreat ofill chaw res ﬁlestnbadhehyemyt h%ﬂtﬂ cﬁoltxmtpgtridml-lénﬁbigyrrer
I's a biode bl e .. 6...The. m ¢roparticle of the
bi odegr SHHHE 1oy JiBRied ttatagtfiolof AR mpl it mate SR degatih

pol yal kydogabbamaheennp@,l ycapr ol act one, pol yhydr oxybutyr| c acid, a

pol yanhydri de and a pol yorthoester and conbi nations thereof. 7. The

m croparticle of claim®6, wherein the poly(al pha-hydroxy acid) is one of a

pol yl acti de, a polyglycolide, a polpgkAMptkrde-co-glycolide), and
conbi nati ons thereof.

Example 1: Production of quantum dots (QD)/nanoparticles-incorporated microparticles

[0163] These microparticles are prepared by a modified emulsification/solvent-
evaporation method, and formulated by using a biocompatible amphiphilic copolymer as the
matrix material. As a biocompatible polymer the FDA approved poly(DL-lactide-co-
glycolide) (PLGA) is chosen for the present example (P2191, Sigma).

[0164] CdSe/ZnS quantum dots were obtained using published protocols, for example
disclosed in Zhong, XH, et al., J. Am. Chem. Soc. (2003) 125, 8589-8594; Zhong, XH, et al.,
J. Am. Chem. Soc. (2003) 125, 13559; Peng, ZA, & Peng, X, J. Am. Chem. Soc. (2001) 123,
183; Yu, WW, Peng, X, Angew. Chem. Int. Ed. (2002) 41, 2368; Qu, L, & Peng, X, J. Am.
Chem. Soc. (2002) 124, 2049). Briefly, in some experiments cadmium stearate (0.2044 g, 0.3
mmol), stearic acid (0.1707 g, 0.6 mmol), trioctylphosphine oxide (TOPO; 5.0 g) and
octadecylamine (5.0 g) were added to a flask, and the mixture was heated to 310-330 °C
under Argon flow until a clear solution formed. At this temperature, an excess amount of Se
solution (0.1184 g, 1.5 mmol Se) in trioctylphosphine (4.0 g) was swiftly injected into the
reaction flask, whereafter the temperature was set at 270-300 °C. After 5-10 min, heating was
stopped to stop the reaction and allow the flask to cool to room temperature. 3 mL of the as-
prepared crude CdSe reaction mixture containing 0.1 mmol of CdSe was reheated to 290-320
°C. At this temperature, ZnEt; solution (0.2 M) in TOP and Se solution (0.2 M) in TOP were
added alternatively at time intervals of 20 s. After the addition, the reaction mixture was
heated until no further PL peak shift (about 3-6 min). Heating was stopped to stop the
reaction. The ratio of Zn/Cd in each targeted ZnxCd;xSe nanbcrystals can be achieved by the

alteration of the amounts of Zn and Se precursors.

[0165] In other experiments, a mixture of CdO (0.0064 g, 0.05 mmol), 7n0 (0.0081 g,
0.10 mmol), oleic acid (0.5 mL), and octadecene (4.0 mL) were heated to ~80 °C and
degassed under a vacuum of 10 Pa for 20 min. The reaction vessel was then filled with argon,
and its temperature was increased to 310 °C. After the CdO and ZnO precursors were

dissolved completely to form a clear colorless solution, the temperature was lowered to 300



8. The microparticle of any one of claims 1-7, conprising a plurality of
nanoparticles. 9. The mcroparticle of claim8, wherein the nanoparticles
are conprweediesotie mcro-particle in an anount of 0. 1PCw/SBRo0atoo®of the
bi oconpati bl e polyner. 10. The nicroparticle of any one of clains 1-9,
wherein the anti-cancer agent is conpridged in the mcroparticle in an anout
of 0.1 to 20 wt % of the bioconpatible polyner. 11. The mcroparticle of
any one <, £laiuffén &f Qifu1e0 ﬁiL@_oaGo:sbe%%SM(ﬁﬁ&@dl} ir%#té{d&lahe Rhs E%lyiiréilece:ted o

nanoparticles are arranged proxi mate the surface of the mcropar \
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at | east ' ' r r L a. - .
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intervals, and UV-vis and PL spectra were recorded for each aliquot. These sampling aliquots

were quenched in cold chloroform (25 °C) to terminate growth of the particles immediately.

[0166] In a typical procedure in preparing nanoparticles (QD)-incorporated
microparticles, 100 mg PLGA is dissolved in 4 ml dichloromethane (MeCl,) (DR0440,
Tedia) (acting as a non-polar solvent), and mixed together with 15 mg purified nanoparticles
dispersed in 1 ml MeCl,. A mixture of water and poly (vinyl alcohol) was used as the polar
solvent. 30 ml aqueous solution of poly (vinyl alcohol) (PVA, 2% w/v) (P8136, Sigma)
(acting as a polar solvent) were provided. The nanoparticles/PLGA solution (oil phase) was
added into this aqueous solution under magnetic stirring at 400 rpm. The resultant solution
was subjected to a homogenizer (T25, IKA) for emulsification at 6,000 rpm for 2min at room
temperature. After evaporating MeCl, from the oil-in-water emulsion, nanoparticles-
incorporated microparticles were collected by centrifugation at 6,000 rpm for 10 min and
further cleaned with deionized water for 3 times to remove excess PVA, nanoparticles , etc.
When preparing drug- or nanoparticles/drug-incorporated microparticles, the drug was
dissolved in oil phase for hydrophobic drug and aqueous phase for hydrophilic drug. Using

this protocol nanoparticles were localized next to the surface in the obtained microparticles.

[0167] SEM images were taken and analyzed with the SmileView program (obtained
from Jeol Ltd., Japan) to determine the average size and size distribution of the obtained
particles. In the SmileView program, mean size is determined by measuring the size of 60
particles in the SEM image and the size distribution can be determined from standard

deviation.
Example 2: Cell uptake of PLGA particles

[0168] Human colon fibroblast cells (CCD-112 CoN), rat fibroblast cells (NIH/3T3),
human non-small lung cancer cells (CRL-5803), human breast cancer cells (MCF-7 cells), rat
glioma cells (C6) were obtained from American Type Culture Collection (ATCC). Cells were
maintained in DMEM medium supplemented with 10% FBS, 1.0mM sodium pyruvate,
0.1mM non-essential amino acids and 1% penicillin-streptomycin solution, and culture
medium was replenished every other day. Cells were seeded at 2.0 x 10* cells/cm? in Lab-

Tek chambered cover glasses (Nunc) and cultured as a monolayer at 37 °C in a humidified



13. The mcropartide of any one of clains 1-12 for use in at |east one of
cancer therapy, cancer diagnostics and cancer therapy nonitoring. 14. A
process oWofromsogsa m cropartide, the mcroparticl e hapcmgGaoosodadr7 of at

| east about 1 micron, wherein the mcroparticle conprises a nanoparticle,

t he process conprising: providing a padsr solvent and providi ng a non-pol ar
sol vent, the polar solvent and the non-pol ar sol vent being at |east
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1: 2.

Cell viability

[0169] Cell viability was tested with human breast cancer cells (MCF-7 cells) applying
the established colorimetric MTT assay. Cells were seeded at 2.3x10* cells/cm?® in the 96-
well plates for quantitative cytotoxicity experiments and cultured as a monolayer. Cells were
incubated with the culture medium containing drug-encapsulated microparticles for 1 to 4
days at 37 °C in a humidified atmosphere containing 5% CO;. The viability or efficacy of the
microparticles on cells was evaluated by measuring the optical density at 570 nm with a
reference at 630 nm, using a microplate reader (Tecan). The optical density is directly

proportional to the number of viable cells.

[0170] One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. Further, it will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention. The compositions, methods, procedures,
treatments, molecules and specific compounds described herein are presently representative
of preferred embodiments are exemplary and are not intended as limitations on the scope of
the invention. Changes therein anq other uses will occur to those skilled in the art which are
encompassed within the spirit of fhe invention are defined by the scope of the claims. The
listing or discussion of a previously published document in this specification should not
necessarily be taken as an acknowledgement that the documeﬁt is part of the state of the art or

is common general knowledge.

[0171] The inventions illustratively described herein may suitably be practiced in the

absence of any element or elements, limitation or limitations, not specifically disclosed
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features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.

[0172] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limifation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0173] Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or

subgroup of members of the Markush group.



providing a cell population, the cell population conprising a plurality of
healthy cells and one or nore cancer cells, contacting the cell population
wi th a mwoapavistsse, the m croparticle conprising a bi ecorsgatiobb@4pol yner
and an anti-cancer agent or a pharnaceutically acceptable salt, ester, pro
drug or hydrate thereof, wherein the myxroparticle has a width of at |east
about 1 mcron.

Claims

‘What is claimed is:

1. A microparticle comprising a biocompatible polymer, a nanoparticle, and an anti-cancer
agent or a pharmaceutically acceptable salt, ester, prodrug or hydrate thereof,

wherein the microparticle has a width of at least about 1 micron.
2.  The microparticle of claim 1, wherein the nanoparticle is a quantum dot.

3. The microparticle of claims 1 or 2, wherein the microparticle has a width of at least

about 2 microns.

4. The microparticle of any one of claims 1-3, wherein the microparticle has a width of

maximally about 5 microns.

5.  The microparticle of any one of claims 1-4, wherein the biocompatible polymer is a

biodegradable polymer.

6. The microparticle of claim 5, wherein the biodegradable polymer is one of a poly(alpha-
hydroxy acid), a polyalkylcarbonate, polycaprolactone, polyhydroxybutyric acid, a
polyanhydride and a polyorthoester and combinations thereof.

7.  The microparticle of claim 6, wherein the poly(alpha-hydroxy acid) is one of a
polylactide, a polyglycolide, a poly(lactide-co-glycolide), and combinations thereof.

8.  The microparticle of any one of claims 1-7, comprising a plurality of nanoparticles.

9. The microparticle of claim 8, wherein the nanoparticles are comprised in the micro-

particle in an amount of 0.1 to 50 wt % of the biocompatible polymer.

10. The microparticle of any one of claims 1-9, wherein the anti-cancer agent is comprised

in the microparticle in an amout of 0.1 to 20 wt % of the biocompatible polymer.

11. The microparticle of any one of claims 8-10, wherein at least essentially all of the

nanoparticles are arranged proximate the surface of the microparticle.
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The microparticle of claim 11, wherein at least essentially all of the nanoparticles are

arranged in a near-surface zone of the microparticle, the near-surface zone being

defined by the distance of 0 to about 250 nm from the surface of the microparticle.

The microparticle of any one of claims 1-12 for use in at least one of cancer therapy,

cancer diagnostics and cancer therapy monitoring.

A process of forming a microparticle, the microparticle having a width of at least about
1 micron, wherein the microparticle comprises a nanoparticle, the process comprising:
providing a polar solvent and providing a non-polar solvent, the polar solvent and the
non-polar solvent being at least substantially immiscible with each other,

dissolving the biocompatible polymer in one of the polar solvent and the non-polar
solvent,

dispersing the nanoparticle in one of the polar-solvent and the non-polar solvent,
combining the non-polar solvent and the polar solvent, thereby forming a two-phase
mixture, and

agitating the two-phase mixture, thereby allowing the formation of a microparticle.

The process of claim 14, wherein the nanoparticle is a non-polar nanoparticle and the
biocompatible polymer is an amphiphilic polymer, the process comprising:

dissolving the biocompatible polymer and dispersing the nanoparticle in a suitable non-
polar solvent, thereby forming a non-polar phase,

adding to the non-polar phase a polar solvent, the polar solvent being at least
substantially immiscible with the non-polar solvent, thereby forming a two-phase
mixture, and

agitating the two-phase mixture, thereby allowing the formation of a microparticle.

The process of claims 14 or 15, wherein the non-polar solvent and the polar solvent are
used in a ratio of non-polar solvent / polar solvent in the range from about 1:10 to about
1:2.
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The process of any one of claims 14 to 16, wherein the microparticle further comprises
an anti-cancer agent or a pharmaceutically acceptable salt, ester, prodrug or hydrate
thereof, A

wherein the anti-cancer agent or the pharmaceutically acceptable salt, ester, prodrug or

hydrate thereof'is dissolved in one of the non-polar solvent and the polar solvent.

A method of treating cancer, the method comprising administering to an organism
suffering from cancer a microparticle, the microparticle comprising a biocompatible
polymer and an anti-cancer agent or a pharmaceutically acceptable salt, ester, prodrug
or hydrate thereof,

wherein the microparticle has a width of at least about 1 micron.
The method of claim 18, wherein the microparticle further comprises a nanoparticle.

The method of claims 18 or 19, wherein the microparticle is predominantly taken up by

cancer cells when compared to healthy cells.

A method of selectively directing an anti-cancer agent, or a pharmaceutically acceptable
salt, ester, prodrug or hydrate thereof, to one or more cancer cells within a plurality of
healthy cells, the method comprising:

providing a cell population, the cell population comprising a plurality of healthy cells
and one or more cancer cells,

contacting the cell population with a microparticle, the microparticle comprising a
biocompatible polymer and an anti-cancer agent or a pharmaceutically acceptable salt,
ester, prodrug or hydrate thereof,

wherein the microparticle has a width of at least about 1 micron.



